Quality of 'Delta Valencia' orange grown in semiarid climate and stored under refrigeration after coating with wax Ciência e Tecnologia de Alimentos,
Thus, studies focusing on the quality of fruit grown under local conditions are mandatory. In addition to carbohydrates and organic acids, oranges are source of ascorbic acid, flavonoids, and phenolics, which are compounds that have proved to benefit human health through their free radical scavenging property (WU; GUAN; YE, 2007) . These compounds, however, may oxidize during storage decreasing fruit internal quality.
The most reliable technology used to reduce fruit compositional changes during storage is the optimization of temperature and relative humidity. Nonetheless, while fruit internal quality is important for human health, consumers base their purchasing decisions on perceptual characteristics, such as peel dehydration, fruit softening, and fading of color. To maintain fruit internal and external quality at the most during storage, it is necessary the association of optimal storage conditions with complementary treatments. Wax has been used to preserve fruit quality during storage, but at the same time it reduces peel dehydration, maintains color intensity, and adds shine to the peel (MACHADO; COSTA; BATISTA, 2012), some commonly used citrus coatings, especially the less permeable ones, may cause ethanol accumulation due to anaerobic conditions (HAGENMAIER, 2002) .
This study aims at evaluating quality attributes of 'Delta Valencia' oranges produced in the warm and dry climatic condition, typical of Ceará state, and the effect of low temperature associated to waxing on the maintenance of fruit internal and external quality.
Pereira; Machado; Costa described by Bucic-Kojic et al. (2007) ; and the results were expressed in mg GAE/100 mL.
The experimental design was a randomized complete block in a split-plot arrangement. The plots in the ANOVA were treatments (main plot) and time of storage (sub-plot) with ten replications for non-destructive analyses and four replications for destructive analyses. Linear regressions were used to describe trends during storage (R 2 ≥ 70%), according to the procedure available in SISVAR version 4.1. Mean separation was performed using the Tukey's test (p ≤ 0.05).
Results and discussion
'Delta Valencia' orange grafted on 'Swingle' citrumelo and grown in warm climate in the state of Ceará had solid, green peel color with average hue angle, chromaticity, and brightness at harvest of 120.00; 27.00, and 46.00, respectively. The fruits were firm, with average puncture force of 60 N, and round with average length and width of 85.20 and 84.80, respectively. Average fresh mass was 319 g, while average juice content was 43%. These values are slightly different from those reported by Tazima et al. (2008) for 'Valencia Late 1138' orange grafted on 'Rangpur' lime and grown in subtropical conditions (latitude 23° 22' S and longitude 51° 10' W). In that study, the average fruit mass and juice content were 183.16 g and 48.9 %, respectively. The difference in mass loss and juice content in oranges grown in different areas in the country may result from different climatic conditions, as well as the scion-rootstock interactions since these factors greatly affects fruit quality (AULER; FIORI-TUTIDA; SCHOLZ, 2009). It is worth mentioning that the force required to puncture the peel and the juice content in wax-coated fruits did not differ from those of the control fruits (p < 0.05). Furthermore, the average values at harvest did not differ from those at the end of the storage (p < 0.05) (data not shown), probably due to the appropriated storage condition (7 °C and 85% R.H.) capable of reducing fruit metabolism.
The effect of wax-based coating applied to the 'Delta Valencia' oranges in association with low temperature storage on the reduction of fruit loss of mass was significant. Waxcoated fruits lost mass at a lower rate than the control fruits during storage (Figure 1a) . At the end of the storage, control fruits lost 3.16% of their initial mass, while wax-coated fruits lost only 1.44%. Fruit decrease in mass during storage is directly associated with loss of moisture, which results in quantitative and qualitative losses. According to Ladaniya (2008) , loss of moisture higher than 6% might compromise fruit quality, rendering it unacceptable for marketing. In the present study, moisture loss results were smaller than the limits considered unacceptable for marketing for both wax-coated and control fruits. However, loss of moisture in the wax-coated fruit was kept to a minimal up to the end of the storage period, and therefore the wax-coated fruit had higher external quality. This study corroborates the finding reported by Malgarim, Cantillano and Treptow (2007) , who found that waxed 'Navelina' orange lost mass at a lower rate than that of the control fruit during storage.
Peel brightness was not affected by waxing (p < 0.05) and varied very little during storage, following a third degree polynomial 20' South latitude and 38° 5' West longitude) and were harvested in November 2010, area with annual average temperature of 28.5 °C, irregular rainfall pattern of 772 mm average, relative humidity of 62%, and solar radiation of 3,030 hours (DEPARTAMENTO..., 2011).
The fruits were harvested in the morning, packed in cardboard boxes, and transported under refrigerated to the Federal University of Ceará, Department of Food Science. They were sorted out for shape, size, and color intensity. Next, the fruits were rinsed with tap water, dried under forced ventilation, immersed or not in wax, Aruá Tropical ® -diluted in distilled water (1v:1v), and stored under refrigeration (7 ± 2 °C and 85 ± 2% R.H.) for 28 days.
The analyses were performed upon harvest and every four days up to end of the storage period. Non-destructive analyses were fruit mass (g), length (mm), width (mm), loss of weight and external color, while destructive analysis were puncture force, juice content, peel moisture content, pH, soluble solids, titratable acidity, soluble solids/titratable acidity ratio, ascorbic acid, soluble sugars, reducing sugars, yellow flavonoids, and polyphenols.
Mass loss was determined by weighing each numbered fruit individually during storage and calculating mass loss in relation to fruit mass at harvest. The results were expressed as percentage. Fruit peel color was measured at opposite sides (previously marked) on the equatorial region of the fruit. The color was determined using a Minolta CR-300 colorimeter, and the data were expressed as hue, brightness, and chromaticity. Peel moisture content was calculated on dry weight basis. Approximately 5 g of peel sample was weighed in an aluminum container and dried in hot air oven at 80 °C for 24 hours. Juice content was calculated by weighing fruit juice and dividing it by fruit mass. The results were expressed as percentage. Puncture resistance was assessed using a force gauge (model DD-200) fitted with a 5 mm cylindrical probe in the probe carrier. The oranges were placed on a flat plate with the stem calyx axis parallel to the surface of the plate. Puncture resistance, expressed as N, was recorded as the maximum force required to puncturing the fruit surface. Soluble solids were determined with a digital refractometer (Model PR-100 Palette, Atago Co.) according to AOAC, (ASSOCIATION..., 1995) and the results expressed in °Brix; pH was determined with a digital potentiometer (ASSOCIATION..., 1995); acidity was determined by titration with 0.1M NaOH and expressed as (%) of citric acid (INSTITUTO..., 2004) ; and the soluble solids/titratable acidity ratio was determined. Determination of ascorbic acid content was performed according to Strohecker and Henning (1967) , and the results were expressed in mg of ascorbic acid/100 g of juice. Soluble sugars contents were determined according to Yemn and Willis (1954) , and the results were expressed in percentage. The content of reducing sugars was determined using the method described by Miller (1959) , and the results were expressed in percentage. Yellow flavonoids evaluation followed the methodology described by Francis (1982) ; and the results were expressed in mg/100 g. Total polyphenols was assessed using the Folin-Ciocalteau reagent. Gallic acid was used as the standard, according to the method from that of control fruits (p < 0.05) but changed according to storage durations (Y = 26.1163 + 0.0851x, R 2 = 98.95%). Chromaticity trends during storage were the opposite of those observed for brightness and similar to those observed for hue angle. These results suggest that peel color became brighter, less green, and more vivid during storage. Nonetheless, wax-coated fruits stood out for preserving an uniform green color.
The peel moisture content of ´the wax-coated fruits differed from that of the control fruits (p < 0.05), but it remained stable during storage in both treatments (Table 1) . Although differences between the moisture levels in the control and waxed-coated fruits were not always significant (p < 0.05), the moisture content of waxed-coated fruits was always higher than that of the control fruits. Water loss reduction in wax coated fruits results from skin pore blockage, which reduces skin permeance to water vapor and gases. This reduction in moisture might have directly accounted for the weight maintenance in wax-coated fruits observed in Figure 1a . On the other hand, equation (Y = 47.1732 -0.2112x + 0.0169x 2 -0.0002x 3 , R 2 = 98.36%). This finding does not agree with those reported by Malgarim, Cantillano and Treptow (2007) . According to those authors cold stored 'Navelina' oranges showed a decrease in brightness during storage, while wax-coated fruits showed an increase in brightness. Different brightness trends during storage might be related to fruit maturity at harvest, as well as the chlorophyll content characteristic of each cultivar. Hue angle was strongly influenced by the interaction between coating and storage periods (p < 0.05). Although both uncoated and coated fruits became less green during storage, decrease in hue angle in coated fruits was lesser than that of the control fruits (Figure 1b) . That implies that the application of wax retarded peel maturation, and consequently color changes. Considering that local consumers associate green peel color with fruit quality, it may be stated that the application of wax contributes to the extension of the storage life of 'Delta Valencia' oranges grown in semiarid climate by maintaining their green peel over longer period of time. Chromaticity of wax-coated fruits did not differ Pereira; Machado; Costa differences in storage time (Y = 31.8307 + 0.8607x -0.0229x 2 , R 2 < 70%). The lowest SS/AT ratio average, 18.25, was observed at the end of the storage period (Table 1) and was higher than the highest value reported by Auler, FIORI-Tutida and Scholz (2009) and Rapisarda et al. (2008) for 'Valencia' oranges grown in mild climate conditions. Auler, Fiori-Tutida and Scholz (2009) , studying the effect of six rootstocks on quality of 'Valencia' oranges, observed that SS/TA ratio did not differ with the rootstocks. In that study, 'Troyer' citric rootstock yielded the highest SS/AT ratio, 12.0. Thus, it may be said that the warm and dry local climate conditions greatly contributed to the high levels of SS and low levels of acidity, and, consequently, high levels of SS/AT ratio in 'Delta Valencia' oranges.
Total and reducing sugars were influenced by the interaction of waxing and storage time (p < 0.05) ( Table 2 ). Sugar trends during storage in the control fruits followed a second degree polynomial equation (Y Total sugar = 6.3209 + 0.2393x -0.0033x 2 , R 2 < 70% and Y Reducing sugars = 2.7884 + 0.1010x -0.0024x 2 , R 2 < 70%), and the waxed fruits followed a third degree polynomial equation (Y Total sugar = 6.5361 + 0.5245x -0.0412x 2 + 0.0009x 3 , R 2 < 70% and Y Reducing sugars = 2.8764 + 0.2681x -0.0256x 2 + 0.0006x 3 , R 2 < 70%), suggesting that the control fruits had higher levels of sugars toward the end of the storage. Flavor is fundamentally the balance between sugar and acid and, in addition, specific flavor constituents are often glycosides. The sugar contents found in the present study are within the range reported in the literature for sweet oranges, maximum of 11.98 and minimum of 3.96% of fresh weight for total soluble sugar, and maximum of 5.8 and minimum of 2.6% of fresh weight for reducing sugar (HULME, 1970).
Vitamin C levels were not affected by waxing; the increase that occurred during storage is due to variations in storage time (Y = 31.8307 + 0.8607x -0.0229x 2 , R 2 = 70%). In the present study, the ascorbic acid content, factor of great importance to human health and considered to be a sugar derivate, followed moisture content stability during storage might be due to the storage conditions, such as low temperature and high relative humidity, 7 °C and 85%, respectively. S oluble solids content was not inf luenced by waxing (p < 0.05), but it slightly changed during storage (Y = 9.2838 + 0.1407x -0.0049x 2 , R 2 = 70%). The soluble solids are related to fruit quality and are used as an indicative of fruit maturity, and therefore contribute greatly to fruit flavor. The soluble solids average obtained in this study, 9.9 Brix, is comparable to that reported by Tazima et al. (2008) for 'Valencia' , and 'Valencia 718' oranges grown in subtropical climate and surpasses the minimum value, 9.0 Brix, required for sweet orange in Florida, U.S.A. (UNITED..., 1997). Considering that climate conditions greatly affect soluble solids levels, it may be stated that 'Delta Valencia' oranges grown in semiarid climate, found in Ceará state, has appropriated sweetness.
Titratable acidity was not affected by waxing (p < 0.05), and although the averages did not significantly differ (p < 0.05) from harvest to the end of the storage (Table 1) , there was an increase in acidity in the fruits in both treatments. This finding is in agreement with that reported by Rapisarda et al. (2008) , who, studying compositional trends during storage in five different orange genotypes, observed an increase in the citric acid content of 'Valencia' oranges and a decrease in the remaining varieties. Regarding fruit internal quality, acidity of 'Valencia' oranges grafted on 'Swingle' citrumelo and grown in dry, warm climate, as that of Ceará state, is less acidic than 'Valencia' oranges grafted on 'Rangpur' lime and grown in subtropical climate (TAZIMA et al., 2008) . Waxing did not affect fruits' pH (p < 0.05), and the readings taken during storage were statistically equal; the highest and lowest values ranged from 4.51 to 4.39 for the uncoated fruits, and from 4.51 to 4.22 for the coated fruits.
The SS/TA ratio was not affected by waxing, and the small variations that occurred during storage were not due to similar trends to those observed for total soluble sugars, as described above. Increasing levels of ascorbic acid in 'Delta Valencia' oranges during room and refrigerated storage were observed by Pereira et al. (2011) . The average amount of vitamin C found in this study, 37.53 mg ascorbic acid/100 g juice, is lower than that reported by Machado, Oliveira and Costa (2011) for 'Ruby Red' and 'Star Ruby' grapefruit also using 'Swingle' citrumelo as rootstock and grown in similar climatic conditions to those reported in this study.
Total polyphenolic contents were not affected by waxing, but they increased linearly with time (Y = 31.3430 + 0.2417x, R 2 = 90.45%). The average values described in Table 2 are lower than that found by Gardner et al. (2000) in samples of orange juice (50.4 mg GAE/100 mL). Yellow flavonoids content in the waxed fruits differed from that of the control fruits (p < 0.05), and the changing pattern during storage suggests an increase in the fruits in both treatments (Y = 1.8322 + 0.0684x, R 2 < 70%) ( Table 2 ). Yellow flavonoids average was 3.6 mg/100 g. This value is way lower than that found by Machado et al. (2009) for fieldripe 'Golden' pineapples grown in the same climatic conditions in Ceará state as those of the oranges studied in this experiment. Nonetheless, it is known that, besides climatic conditions, sugars derivatives of anthocianydins depend greatly on fruit variety.
Conclusion
'Delta Valencia' oranges grown in the local semiarid climatic conditions of Ceará state had green peel color after reaching physiological maturity and maintains the brightness of the peel, thus conserving the internal and external quality parameters of the fruits. 'Delta Valencia' oranges are sweet and of low acidity, with significant amount of juice and excellent quality. Fruit coating in association with cold storage maintains 'Delta Valencia' oranges high external quality for up to 28 days of storage.
